Induction of sulfiredoxin via an Nrf2-dependent pathway and hyperoxidation of peroxiredoxin III in the lungs of mice exposed to hyperoxia.
The cysteine residue at the active site of peroxiredoxin (Prx) I, Prx II, or Prx III is reversibly hyperoxidized to cysteine sulfinic acid, with concomitant loss of peroxidase activity, during normal catalysis. Sulfiredoxin (Srx) is the enzyme responsible for reversing this hyperoxidation. We now show that the expression of Srx at both the mRNA and protein levels is increased markedly in the lungs of mice exposed to hyperoxia. This hyperoxia-induced expression of Srx was not evident in mice deficient in the transcription factor Nrf2, indicating an essential role for an Nrf2 signaling pathway in this effect. Hyperoxia also elicited the accumulation of the sulfinic form of the mitochondrial enzyme Prx III, but not that of the cytosolic enzymes Prx I or Prx II, in lung tissue. This selective hyperoxidation of Prx III is likely due either to mitochondria being the major site of the hyperoxia-induced production of reactive oxygen species or to the translocation of Srx from the cytosol into mitochondria being rate limiting for the reduction of sulfinic Prx III. Hyperoxia induced the degradation of Prx III in Nrf2-deficient mice but not in wild-type animals, suggesting that, in the absence of a sufficient amount of Srx, sulfinic Prx III is converted to a form that is susceptible to proteolysis.